Different types of integrin alpha subunit were investigated immunohistochemically to determine the relationship between the cell adhesion molecule and the local morphology of the rat anterior pituitary using anterior pituitary tissues and primary cultured cells. Alpha 3 subunit was shown to be the main integrin subunit in the anterior pituitary. In vitro, immunoreactions of 3 subunit appeared mainly surrounding cell clusters. The distribution roughly overlapped with immunoreaction of laminin, while it was also observed where expression of laminin was negative. When dispersed cells were primary cultured for 2, 3 or 5 days, immunoreaction of 3 subunit was clearly detected in the vicinity of cell membrane throughout the period; while that of 5 subunit was not observed on day 2, it was observed as dots in cytoplasm on day 3 and more distinctly as lines in the vicinity of the cell membrane on day 5. Alpha 5 subunit was not detectable in vivo. These results indicate the possibility that integrin 3 subunit not only binds the cells to the basement membrane but also to other extracellular matrix or directly to adjacent cells in the anterior pituitary. In addition, integrin 5 subunit may supplement the function of 3 subunit under certain conditions.
I. Introduction
There are 5 types of differentiated hormone-producing cells, together with folliculo-stellate cells that do not produce hormones, in the rat anterior pituitary. The cells construct unique topography caused by homologous and heterologous interactions between cell types and between cells and extracellular matrix [7, 11, 12] . Junctional complexes have been identified among folliculo-stellate cells [10, 18] . On the other hand, observations of the intercellular space among hormone-producing cells have very rarely indicated the presence of desmosomes among prolactin-producing cells [17] . Intercellular cell adhesion molecules generally have not been studied. When completely dispersed cells of the anterior pituitary were applied to a static culture, cells gradually gathered to form clusters [13] . Observation of the clusters by electron microscope indicated the presence of cell junctions only among folliculo-stellate cells, but not among hormone-producing cells; this was the same feature seen in tissue observation. In addition, it has been reported that the extracellular matrix was produced and secreted by the hormone-producing cells in primary culture [9] .
These results indicated the association of various cell adhesion factors for the tissue construction of the anterior pituitary. Expression of cell adhesion molecules, such as cadherin and NCAM, in the anterior pituitary has been confirmed mainly using biochemical techniques [15, 19, 22] ; however, few morphological techniques have been applied to this investigation. Similarly, there has been only one report on integrin, an important cell adhesion molecule, by immunoprecipitation to confirm its presence [5] ; thus, there have been no detailed reports including morphological analysis.
Integrin, a transmembranous cell adhesion molecule, consists of an α subunit and a β subunit forming a heterodimeric structure. In mammals, 18 types of α subunit and 8 types of β subunit have been identified, and 24 variations of integrin have been confirmed [8] . Although integrin is mainly known for adhering cells and ECM, it has been found that integrin is also involved in intercellular adhesion [2, 16, 25] . Integrin, which aggregates with α actinin, vinculin, and talin in cytoplasm, has recently been investigated for its functions in outside-in signal transduction of ECM binding information [1] .
The present study was conducted to immunohistochemically investigate the relationship between the cell adhesion molecule integrin and local construction of the rat anterior pituitary using anterior pituitary tissues and primary cultured cells.
II. Materials and Methods

Animals
Male Sprague-Dawley rats (Rattus norvegicus) purchased from Japan SLC, Inc. (Shizuoka, Japan) were used at the age of 8-10 weeks old and weighed 250-300 g. All animals were treated in accordance with "The Guidelines for Animal Experimentation" of Jichi Medical School based on "Guide for the Care and Use of Laboratory Animals" of the National Academy of Sciences, USA.
Primary culture of the anterior pituitary cells
Rats were perfused with Ca 2+ and Mg 2+ free (CMF) Hanks' solution under deep Nembutal anesthesia. Anterior pituitary glands were excised and minced into pieces that were incubated in CMF Hanks' solution containing 1% trypsin (Life Technologies, MD, USA) and 0.2% collagenase (Nitta Gelatin Inc., Osaka, Japan) for 15 min at 37°C. Thereafter, the tissue pieces were incubated in the same solution containing 5 µg/ml of DNase I (Boehringer-Mannheim, Mannheim, Germany) for 5 min at 37°C. The digest was incubated in the Hanks' solution containing 5 mM ethylenediaminetetraacetic acid (Wako Pure Chemicals, Osaka, Japan) for 5 min at 37°C. After washing, cells were dispersed in CMF Hanks' solution by gentle pipetting. The dispersed cells were then separated from debris by filtering through nylon mesh (Becton Dickinson Labware, NJ, USA). After centrifugation, the cells were resuspended in Medium 199 (Life Technologies, MD, USA) supplemented with 10% fetal bovine serum (Sigma Chemical Co., MO, USA), 100 u/ml of penicillin and 100 µg/ml of streptomycin, plated on 8-well glass chamber slides (0.8 cm 2 /well, Nalge Nunc International, NY, USA) at a density of 8×10 4 cells/400 µl/cm 2 and cultured for 2, 3 or 5 days at 37°C in a humidified atmosphere of 5% CO 2 and 95% air.
Immunostaining of the tissue
Under deep Nembutal anesthesia, the rat was perfused with 4% formaldehyde and 0.1% glutaraldehyde in 25 mM phosphate buffer (pH 7.4, 4°C) for 5 min through the left ventricle and immersed in the same fixative for 55 min. Using 20% polyvinylpyrrolidone (Sigma Chemical Co., MO, USA) and 1.84 M sucrose as anti-freezing agents, the tissues were frozen in liquid nitrogen. Frozen sections in 2 µm thickness were obtained using a Reichert-Nissei Ultracut S (Leica Inc., NY, USA).
After immersion in phosphate buffered saline (PBS, pH 7.2) containing 1% Triton X-100 (Sigma Chemical Co., MO, USA), the sections were immersed in blocking solution (3% casein and 1% bovine serum albumin in PBS) overnight at 30°C to reduce non-specific immunoreaction. Then, they were incubated in primary antibodies overnight at 30°C. After washing with PBS containing 1% Triton X-100, the sections were incubated in secondary antibodies for 30 min at 30°C. The primary and secondary antibodies used are shown in Tables 1 and 2 , respectively. Absence of observable nonspecific reaction was confirmed using normal animal serum. ABC method (Vector Laboratories, Inc., CA, USA) was utilized. For double immunostaining, FITC labeled antibody against mouse IgG was used after the incubation in monoclonal antibody against integrin α3 subunit and then another immunostaining was done using primary polyclonal antibody against laminin and Texas Red labeled secondary antibody against rabbit IgG. The sections were observed through a fluorescence microscope AX80TR (Olympus Co. Ltd., Tokyo, Japan) and images were processed with the aid of Photoshop (Adobe Systems, Inc., CA, USA).
Immunostaining of the cultured cells
Cultured cells were rinsed with Hanks' solution and fixed with 4% formaldehyde in 25 mM phosphate buffer (pH 7.4) for 30 min at room temperature. The procedure for immunostaining was the same as above except that FITC labeled antibody against mouse IgG was used as the secondary antibody. The sections were observed using a confocal laser microscope (Yokogawa Electric Corp., Tokyo, Japan). RT-PCR analysis of integrin α3 and α5 subunit precursor mRNA
Total RNA fractions were prepared from the primary culture of the anterior pituitary cells on day 3 using Isogen (Nippon Gene Corp., Tokyo, Japan). One Step RNA PCR Kit (Takara Bio Inc., Shiga, Japan) was employed for RT-PCR. The used primers were created referring to the nucleotide arrangements of integrin α3 and α5 subunits of rat, mouse, and human [20, 21] . The sequences were 5'-TGCAGATGCGAGCAGCCTTC-3' (antisense) and 5'-GTTTTCATGGCAGCCTCACC-3' (sense) for integrin α3 subunit and 5'-TAGACTGTGGTGAAGACAACATC-3' (antisense) and 5'-TTGGTCACATAGAGGAGCTGTT-3' (sense) for integrin α5 subunit. As a reference, β-actin mRNA was analyzed using mouse/rat/β-actin PCR Primer Pair (R ＆D Systems, MN, USA). After semiquantitative RT-PCR using 500 ng of total RNA, products were separated by electrophoresis, stained with ethidium bromide, and visualized under a UV transilluminator.
III. Results
Experiment 1. In vivo integrin expression
Levels of expression and localization of each integrin α subunit in the anterior pituitary tissue were investigated immunohistochemically. Detection using antibodies against 5 typical types of α subunit (α2, α3, α5, αL, and αV) showed positive reactions only for α3 subunit. The positive signals appeared mainly in areas surrounding cell clusters (Fig. 1) . No specificity of distribution according to cell type, such as to a type of hormone-producing cells, was confirmed.
The distribution of immunoreaction shown in Figure 1 was found to be similar to that of the basement membrane in the anterior pituitary. Because integrin α3 subunit forms heterodimer with β1 subunit and the dimer has laminin as a ligand, the double-staining of laminin and integrin α3 subunit was performed in order to investigate the relationship. Staining results were observed under a fluorescence microscope and images obtained with a CCD camera were superimposed on a computer program (Fig. 2) . Expression of laminin was almost always observed in locations where expression of α3 subunit was observed; however, expression of α3 subunit was also observed where expression of laminin was negative.
Experiment 2. In vitro integrin expression
Levels of expression and localization of each integrin α subunit in the primary culture of anterior pituitary cells were investigated immunohistochemically. Anterior pituitary cell primary cultures were fixed on day 3 and immunostained. The same 5 types of subunit as in the in vivo experiment, α2, α3, α5, αL, and αV, were tested. As shown in Figure 3 , positive reactions were confirmed for integrin α3 (Fig. 3a) and α5 (Fig. 3b) subunits. A positive reaction for integrin α3 subunit appeared in the vicinity of the cell membrane as lines. Expression of integrin α5 subunit was unclear when compared with that of α3 subunit, and positive reactions appeared as dots.
Experiment 3. Messenger RNA expression for integrin α3 and α5 subunit precursors
In Experiments 1 and 2, positive reactions for integrin α3 subunit were seen in both the anterior pituitary tissue and primary cultured cells, and positive reactions for α5 subunit were seen only in primary cultured cells. Therefore, levels of mRNA expression for both subunits were investigated semiquantitatively using RT-PCR. Total RNA was extracted from anterior pituitary tissue and anterior pituitary cell primary culture on day 3.
Messenger RNA for integrin α3 subunit was confirmed both in the anterior pituitary tissue and primary cultured cells (Fig. 4) . On the other hand, mRNA for integrin α5 subunit was significant in primary cultured cells, while little was observed in the tissue.
Experiment 4. Changes in integrin expression levels after various culture periods
Results from Experiments 1, 2, and 3 indicated the possibility of the expression of integrin α5 subunit during a specific culture period in primary culture; thus, the levels of expression were investigated for different culture durations. Culture durations were set to 2, 3, and 5 days, and expression levels of integrin α3 and α5 subunits were compared immunohistochemically. There were no significant differences in expression level and distribution for integrin α3 subunit in 2-, 3-, or 5-day primary culture (Fig. 5a, b, c) . No significant expression of integrin α5 subunit was observed in the 2-day culture (Fig. 6a) ; however, a positive reaction (dots in cytoplasm) was observed in the 3-day culture (Fig. 6b) , and a clear positive reaction (lines in the vicinity of the cell membrane) was observed in the 5-day culture (Fig. 6c) .
IV. Discussion
The integrin family consists of 18 types of α subunit and 8 types of β subunit. Twenty-four variations of α and β subunit combinations have been reported in mammals, and they are generally classified according to β subunit structure, i.e., the β1 subfamily and the β3 subfamily [8] . In this study, immunohistochemical analysis was performed on the major integrin alpha subunits, including α2, α3, α5, αL, and αV, in the rat anterior pituitary. The results showed positive reactions only for integrin α3 subunit on tissue. The integrin α3 subunit has been found in many epithelial cells, such as epidermis and kidney collecting tubules [3, 24] . The anterior pituitary is derived from epithelial cells of the roof of the pharynx; therefore, it may retain epithelial characteristics.
Staining for the integrin α3 subunit was positive, surrounding cell clusters, in the anterior pituitary tissue (Fig. 1) , and this distribution was similar to that of the basement membrane in the anterior pituitary. Currently, it is known that integrin α3 subunit binds only with the integrin β1 subunit, and that laminin, which is a constituent of the basement membrane, is the ligand of the heterodimer [8, 14] . In Figure  2 , expression of the integrin α3 subunit is observed in the parts with laminin expression; thus, it is possible that integrin α3β1 mediates adhesion between the basement membrane laminin and the cells. Conversely, the weak expression of integrin α3 subunit was widely observed where no expression of laminin was indicated. This observation may be explained by the binding of integrin with other ECM proteins, such as fibronectin and collagen, and/or the mediation of integrin in cell-cell adhesion. It has been reported that integrin α3 subunits directly adhere the cells [2, 25] ; however, this information should be examined carefully, as there have been few supportive reports.
In the anterior pituitary cell primary culture, a positive reaction was confirmed for α3 and α5 subunits (Fig. 3) . Because Experiments 1 and 2 showed contradictory results for α5 subunit (negative reaction in the tissue and positive reaction in the primary culture), Experiment 3 was carried out in order to examine the results at the mRNA expression level. It has been reported that normal tracheal and bronchial epithelial cells showed no expression of the integrin α5 subunit, while damaged cells showed its expression in the repair process [4, 6] . It is possible that the α5 subunit was expressed in the process of reassembling of dispersed anterior lobe cells. In Experiment 4, expression of α3 subunit was observed consistently on days 2, 3, and 5 of culture (Fig. 5) , and expression of α5 subunit was weakly detected in the cytoplasm and then clearly detected in the vicinity of the cell membrane as the culture proceeded (Fig. 6) . The production of various ECM proteins, such as laminin, fibronectin, and collagen, by hormone-producing cells in the anterior pituitary has been reported [9, 23] . The observations depicted in Figure 6 may be due to the process described as follows: as the anterior pituitary cells form clusters and the ECM is gradually discharged from the cells, integrin including α5 subunit is synthesized, bound to the ECM, and eventually stabilized in the cell membrane.
It is interesting to conjecture that the integrin α5 subunit plays some yet unknown role in the formation of the pituitary, and then diminishes after the completion of tissue formation. Steffensen et al. [20] reported that the levels of mRNA expression of integrin α5 subunit in mouse muscle were highest immediately after birth, decreased to 10% of the peak level during the early postnatal period, and were maintained low thereafter. Further research into the dynamics of integrin α subunits during the development process of the anterior pituitary is required. This study revealed that integrin α3 subunit was the main integrin subunit in the anterior pituitary. The results of double-staining indicated the possibility that integrin α3 subunit not only binds the cells to the basement membrane but also directly attaches the cells in the anterior pituitary. It also suggested that integrin α5 subunit, which showed various expression levels, may supplement the function of α3 subunit under certain conditions.
